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FOLDING-TYPE PORTABLE INFORMATION DEVICE PROVIDED WITH IMAGE 

CAPTURING FUNCTION 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 

[0001] The present invention relates to a portable information device, such as a 
mobile phone set or a PDA (Personal Digital Assistant) and, more specifically, to a folding-type 
portable information device provided .with an image capturing function. 

II. Description of the Related Art 

[0002] Some of the portable infoima^ionjieyices ^ such as a mobile phone or a PDA 
(Personal Digital Assistant), are compact, multi-functional, and foldable, and are provided with 
an image capturing function such as, a CCD (Ch^ge Coupled Device).. 

[0003] A mobile phone set shown in Fig. 16 is an example of the portable 
information device with a camera in the related art. The portable information device 31 includes 
a first housing 32 and a second housing 36 connected with each other via a hinge unit 35 so as to 
be capable of rotating and varying the angle c between front surfaces 32a and 36a. The first 
housing 32 includes a display unit 33 and a receiving unit 34 on the front surface 32a thereof, 
and the second housing 36 includes a control unit 37 and a transmitting unit 38 on the front 
surface 36a thereof. The device can be downsized by folding the first housing 32 and the second 

housing 36 so as to bring the front surfaces 32a and 36a into abutment with each other, and thus 

i 

the device has improved portability. The user can talk on the phone by opening the first housing 
32 and the second housing 36, placing the receiving unit 34 on the first housing 32 near the 
user's ear and placing the transmitting unit 38 on the second housing 36 near the user's mouth. 

[0004] The second housing 36 includes a camera unit 40, and a window 39 of the 
camera unit 40 for photographing an object 50 is provided on a backside 36b of the second 
housing 36. The backside 36b is on the side opposite from the front surface 36a and is parallel 
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with the front surface 36a. When the device is switched to a camera mode in a state in which the 
first housing 32 and the second housing 36 are opened, the image of the object framed by the 
window 39 is taken into the camera unit 40 and is displayed on the display unit 33, and 
photographed by pressing a shutter button on the control device 37. 

[0005] The reference numeral 41 designates a battery built in the second housing 36. 
Numeral 42 designates an antenna provided in the second housing 36, and numeral 43 designates 
a circuit board having a control section, storage section, and a wireless section. 

[0006]. As shown, in Fig. 16,. in the_portable information device 31 provided with a 
folding mechanism, which is constructed of the first housing 32 and the second housing 36, the 
first housing 32 takes a slanted position with respect to the second housing 36 when the first 
housing 32 and the second housing 36 are opened in consideration of the positional relationship 
between an ear and a mouth of the user during a telephone call. 

[0007] Therefore, when the window 39 of the camera unit 40 is directed toward the 
object 50 for photographing the object using the camera unit 40 provided in the portable 
information device 31 shown in Fig. 16, the display unit 33 on the first housing 32 becomes 
slanted with respect to the window 39 of the camera unit 40, and the display surface 33a of the 
display unit 33 is disposed diagonally with respect to the line of sight of the user. Therefore, the 
object 50 displayed on the display unit 33 cannot be seen clearly and thus, it is difficult to pickup 
the object 50 accurately for image-capturing. 

[0008] Therefore, as shown in Fig. 17, a device in which the camera unit 40 is 
disposed in the first housing 32, and the window 39 of the camera unit 40 is disposed on the 
backside 32b of the first housing 32 opposite from the front surface 32a in parallel with the front 
surface 32a is also proposed. 
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[0009] Since the camera unit 40 is disposed in the first housing 32, on which the 
display unit 33 is provided, and the window 39 of the camera unit 40 is provided on the backside 
32b disposed in parallel with the front surface 32a having the display unit 33 thereon, the display 
surface 33a of the display unit 33 can be disposed perpendicularly to the line of sight of the user 
simply by directing the window 39 toward the object 50. Therefore, the image of the object 50 
displayed on the display unit 33 can be observed easily, and the object 50 can be picked up 
accurately for image-capturing. However, in recent years, while there is a growing need for 
compact portable information devices 31, there is also a need for displaying a larger quantity of 
information on the display unit 33 in this multimedia age. Therefore, when the camera unit 40 is 
disposed in the first housing 32, on which the display unit 33 is disposed, a large display unit 33 
cannbt be accommodated on the first housing 32, and thus, the need described above cannot be 
satisfied easily. 

[00010] A device having a camera unit integrated in the hinge unit, or in a revolving 
body provided rotatably with respect to the housing is also proposed (JF-A-2002-94629 or JP-A- 
2002-125008) 

[00011] Such folding-type portable information device provided with the image 
capturing function in the related art includes, for example, as shown in Fig. 18, a folding-type 
portable information device 202 provided with an image capturing function. The portable 
information device 202 includes a first housing 204 on the upper side and a second housing 206 
on the lower side connected via a hinge unit 208 (connecting unit) so as to be capable of folding 
and opening through a rotary movement with respect to each other. 

[00012] The hinge unit 208 is provided with an image capturing unit 210, and the 
image capturing unit 210 is coaxial with the axis of rotation of the hinge unit 208 and is capable 
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of rotating independently by manual operation, and thus the image capturing direction of the 
image capturing unit 210 can be adjusted manually. 

[00013] The first housing 204 is provided with an image display surface 212 (image 
display unit) for displaying a captured image on the inner surface 204a thereof. As a different 
type from such a folding-type mobile phone set 202 provided with the image capturing function, 
there is a device in which the image capturing unit 210 is provided not on the hinge unit 208, but 
on the outer surface of the first housing 204 in such a manner that the image capturing direction 
is fixed. 

[00014] Generally, since the folding-type mobile telephone set 202 provided with the 
image capturing function -does not have a finder in the image capturing unit 210, the* image 
supplied from the image capturing unit 210 is displayed on the image display surface 212. 
Therefore, when the user uses the image capturing unit 210, the user captures images while 
confirming the image capturing direction or the image to be captured by observing the image 
display surface 212. 

[00015] When performing operations without talking on the phone, such as Web 
browsing, data communication, or e-mailing, using such a folding-type mobile phone set 202 
provided with the-image-capturing function,-the phone set is placed on a horizontal plane such as 
a table in such a manner that the folding angle formed betyeen the first housing 204 and the 
second housing 206 ranges from about 90° to about 120°, as shown in Fig. 18. 

[00016] Accordingly, the user can easily operate the keys 209 provided on the second 
housing 206 while viewing the image display surface 212, and thus, the operability of various 
functions of the folding-type mobile phone set provided with the image capturing function, such 
as Web browsing, is improved. 
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[00017] When the image capturing direction of the image capturing unit 210 is 
directed toward the user by manual operation, the user can take a picture of the user 
himself/herself without using his/her hand and, send the-image to-a portable information device 
on the other party, or use the device as a TV-phone. With such a usage, the user can take his/her 
own picture while observing the image display surface 212. 

[00018] When capturing images of things other than the user, such as the surrounding 
landscape, the folding angle is generally opened to an angle between about 160° and about 180°, 
and then the image capturing direction of the image capturing unit 210 is directed to the 
substantially same direction as a line of sight E of the user shown in Fig. 18. Then the user holds 
the folding-type mobile phone set 202 provided with the image capturing function with his/her 
own hand, and captures an image while observing the image capturing direction or the image to 
be captured on the image display surface 212. 

[00019] However, in the folding-type portable information device 202 provided with 
the image capturing function described above, the user must operate to change the image 
capturing direction of the image capturing unit 210 depending on the case in which he/she 
performs data communication or he/she captures his/her own image, and the case in which 
he/she captures images of things other than the user. In addition, since the angles are slightly 
different every time, the operation cannot be consistent and thus, the operability is not good. 

[00020] Since the hinge unit of the portable information device is complex in 
construction and includes wiring therein, it is very difficult to dispose the camera unit therein. 
Even when the camera unit can be disposed in the hinge unit, there arises another problem in that 
the hinge unit is forced to be upsized, and thus it becomes unbalanced with respect to the size of 
the housing. Furthermore, there is a possibility that its design properties (appearance) become 
damaged. 
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[00021] On the other hand, the device having the camera unit integrated in the 
revolving body, which is provided separately from the housing, a rotating mechanism for the 
revolving body is required in addition to the hinge unit, and thus, the construction becomes 
complex and the number of components increases, which may cause a problem in assemblability. 

[00022] the same problems exist not only in the mobile telephone, but also in the 
portable information device such as a PDA (Personal Digital Assistants) having a folding 
mechanism. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, it is an object of the present invention is to provide a portable 
information device provided, with an image capturing function in which the image capturing 
direction of the image capturing unit and the direction of the line of sight of the user are aligned 
for making the device easy to use. 

[0007] Another object of the present invention is to provide a folding-type portable 
information device provided with an image capturing function in which operability is improved 
by devising the image capturing unit to be directed to an optimal angle depending on the mode of 
usage. 

[0008] The invention provides a portable information device including a first housing 
having at least a display unit, and a second housing having at least a control unit and a camera 
unit connected to the first housing so as to be capable of opening and closing, characterized in 
that the first housing takes a slanted position with respect to the second housing when the first 
housing and the second housing are opened, and a plane which is substantially parallel with a 
display surface of the display unit, is provided on the second housing, and a window of the 
camera unit is disposed on the plane which is substantially parallel with the display surface of the 
display unit. 
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[0009] In a state in which the first housing and the second housing are opened, 
preferably, the display unit is disposed on the same surface of the first housing as the control 
unit, and the surface which is substantially parallel with the display-surface of the display unit is 
an inclined plane formed by cutting the corner defined by the surface of the second housing 
opposite from the control unit and the end surface thereof in the vicinity of the first housing, or 
an inclined plane formed by cutting the corner defined by the surface of the second housing 
having the control unit and the end surface thereof opposite from the first housing. 

[00010] In order to solve the problem described above, the present invention provides 
a portable information device provided with an image capturing function, including a first 
housing and a second housing rotatably connected with respect to each other via a connecting 
unit; an image capturing unit being provided in the second housing or in the connecting unit; and 
an image display unit being provided in the first housing for displaying an image captured by the 
image capturing unit, wherein an image capturing direction control unit for varying the image 
capturing direction of the image capturing unit depending on the folding angle between the first 
housing and the second housing is provided. 

[00011] According to the folding-type portable information device provided with the 
image capturing function described above, since the image capturing direction of the image 
capturing unit varies according to the angle formed between the first housing and the second 
housing, the image capturing direction of the image capturing unit and the direction of the line of 
sight f of the user directing perpendicularly to the image display surface always matches 
irrespective of the magnitude of the folding angle. 

[00012] In order to achieve the object described above, the present invention provides 
a folding-type portable information device provided with an image capturing function including 
a first housing, a second housing, and a connecting unit, the first housing and the second housing 
being constructed so as to be foldable via the connecting unit, characterized in that an image 
capturing unit is provided on the first housing or on the connecting unit, an image display unit 
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for displaying an image to be captured by the image capturing unit and a control unit are each 
provided on one or both of the first housing and the second housing, and an image capturing 
direction control unit for varying the image capturing direction of the image capturing unit 
depending on a folding angle formed between the first housing and the second housing is 
provided. 

[00013] According to the folding-type portable information device provided with the 
image capturing function described above, since the image capturing direction can be adjusted to 
the optimal direction in accordance with the direction in which the user directs the image 
capturing unit during use, the user is free from troublesome operations for aligning the image 
capturing direction, thereby improving its operability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00016] Figs. 1A and IB show a mobile phone set, which is an example of a portable 
information device according to the present invention, in which Fig. 1 A is a plan view, and Fig. 
IB is aback view. 

[00017] Fig. 2 is a cross-sectional view taken along the line X — X in Fig. 1 A. 

[00018] Fig. 3 is a cross-sectional view showing another' example of the portable 
information device according to the invention. _ ■ . 

I [00019] Figs. 4A and 4B show a folding-type mobile phone set 120 according to the 
second to fifth embodiments of the present invention, in which Fig. 4A is a partial back view and 
Fig. 4B is a partial side view. 

[00020] Figs. 5A and 5B show the folding-type mobile phone set according to the 
second embodiment of the present invention, in which Fig. 5A is a partial back view and Fig. 5B 
is a partial side view. 
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[00021] Figs. 6A and 6B show the folding-type mobile phone set according to the third 
embodiment of the present invention, in which Fig. 6A is a partial back view and Fig. 6B is a 
partial side view. 

[00022] Figs. 7 A and 7B show the folding-type mobile phone set according to the 
fourth embodiment of the present invention, in which Fig. 7A is a partial back view and Fig. 7B 
is a partial side view. 

[00023] Figs. 8A and 8B show the folding-type mobile phone set according to the fifth 
embodiment of the present invention, in which Fig. 8A is a partial back view and Fig. 8B is a 
partial side view. 

[00024] Figs. 9A and 9B show a folding-type mobile phone set 220 according to the 
sixth, the eighth, and the ninth embodiments of the present invention, in which Fig. 9A is a 
partial back view and Fig. 9B is a partial side view. 

[00025] Figs. 10A and 10B show the folding-type mobile phone set according to the 
seventh and the tenth embodiments of the present invention, in which Fig. 10A is a partial back 
view and Fig. 1 0B is a partial side view. 

[00026] Figs. 11A and 11B show the folding-type mobile phone set according to the 
sixth embodiment of the present invention, in which Fig. 11A is a back view and Fig. 1 IB is a 
side view. 

[00027] Figs. 12A and 12B show a folding-type mobile phone set according to the 
seventh embodiment of the present invention, in which Fig. 12A is a partial back view and Fig. 
12B is a partial side view. 
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[00028] Figs. 13A and 13B show the folding-type mobile phone set according to the 
eighth embodiment of the present invention, in which Fig. 13A is a partial back view and Fig. 
13B is a partial side view. 

[00029] Figs. 14A and 14B show the folding-type mobile phone set according to the 
ninth embodiment of the present invention, in which Fig. 14A is a partial back view and Fig. 14B 
is a partial side view. 

[00030] Figs. 15A and 15B show the folding-type mobile phone set according to the 
tenth embodiment of the present invention, in which Fig. 15A is a partial back view and Fig. 15B 
is a partial side view. 

[00031] Fig. 16 is a cross-sectional view of a mobile phone set which is an example of 
the portable information device in the related art. 

[00032] Fig. 17 is a cross-sectional view showing another mobile phone set which is 
an example of the portable information device in the related art. 

[00033] Fig. 18 is a perspective view showing a folding-type portable information 
device provided with an image capturing function in the related art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[00037] Referring now to the drawings, embodiments of the present invention will be 
described in detail. 

[00038] Figs. 1A and IB show a mobile phone set as an example of a portable 
information device according to the present invention, in which Fig. 1 A is a plan view, and Fig. 
IB is a back view. Fig. 2 is a cross sectional view taken along the line X-X in Fig. 1 A. 
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[00039] A portable information device 1 is constructed in such a manner that a first 
housing 2 and a second housing 6 are rotatably connected with respect to each other via a hinge 
unit 5 so that an angle P between the front surfaces 2a and 6a thereof can be varied. The first 
housing 2 is provided with a display unit 3 and a receiving unit 4 on the front surface 2a, and the 
second housing 6 is provided with a control unit 7 and a transmitting unit 8 on the front surface 
6a. The length of the device can be shortened to enhance its portability when being folded by 
bringing the front surfaces 2a and 6a into abutment with each other, and the first housing 2 takes 
a slanted position with respect to the second housing 6 within a range of 90° < P <180°, and 
more preferably, a range of 150° < (3 < 180° when the first housing 2 and the second housing 6 
are opened, so that a user can talk on the phone in a state in which the receiving unit 4 provided 
on the first housing 2 is placed near the user's ear and the transmitting unit 8 provided on the 
second housing 6 is placed near the user's mouth. In this case, since the first housing 2 is 
inclined with respect to the second housing 6 within the range described above, when the 
receiving unit 4 provided on the first housing 2 is placed near the user's ear, the transmitting unit 
8 provided on the second housing 6 can be placed near the user's mouth correspondingly, and 
thus, sound collecting capability via the transmitting unit 8 can been enhanced and thus, a voice 
can be transmitted with less noise. 

[00040] Reference numeral 11 designates a- battery built in the second- housing 6. 

Numeral 12 designates an antenna provided in the second housing 6, and numeral 13 designates 
a circuit board provided with a control section, a storage section, and a wireless section. 

[00041] The second housing 6 is provided with a camera unit 10 therein, and an 
inclined plane 6d is formed at the corner defined by a backside 6b of the second housing 6 
(surface opposite from the front surface 6a) and an end surface 6c thereof near the first housing 2 
(near the hinge unit 5) so as to extend in substantially parallel with a display surface 3a of the 
display unit 3 when the first housing 2 and the second housing 6 are opened. A window 9 of the 
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camera unit 10 is disposed on the inclined plane 6d and the camera unit 10 is built in behind the 
window 9. Reference numeral 14 designates a reflection mirror disposed on the inclined plane 
6d. 

[00042] Therefore, when the mode is switched to the camera mode in a state in which 
the first housing 2 and the second housing 6 are opened, and the window 9 is directed toward the 
object 50 as shown in Fig. 2, since the window 9 and the display unit 3 are disposed in 
substantially parallel with each other, the display surface 3a of the display unit 3 can be disposed 
substantially perpendicularly to the line of sight. Therefore, an image taken from the window 9 
into the camera unit 10 and displayed on the display unit 3 can easily be observed, and thus, the 
intended object can be taken accurately for image capturing. 

[00043] In addition, since the window 9 is formed on the inclined plane 6d formed by 
cutting the corner defined by the backside 6b of the second housing 6 and the end surface thereof 
near the first housing 2 (near the hinge unit 5), upsizing of the portable information device 1 is 
prevented. 

[00044] In addition, since the camera unit 10 is provided on the second housing 6, a 
large display unit 3 can be disposed on the first housing 2. Therefore, visibility can be improved 
and a large amount of information required in the multimedia age can be taken, and larger 
images can be taken when photographing. 

[00045] By providing the reflection mirror 14 on the inclined plane 6d, if the user 
wants to take a picture of himself/herself, he/she can do it easily by adjusting the position while 
observing his/her figure on the reflection mirror 14. 

[00046] Subsequently, referring now to Fig. 3, another example of the portable 
information device 1 according to the invention will be described. 
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[00047] In this example, an inclined plane 6f, which extends in substantially parallel 
with the display surface 3a of the display unit 3 when the first housing 2 and the second housing 
6 are opened, is formed at the corner defined by the front surface 6a of the second housing 6 
having the control unit 7 and the end surface 6e thereof opposite from the first housing 2 (the 
side opposite from the hinge unit 5), and the window 9 of the camera unit 10 is provided on the 
inclined plane 6f, and the camera 10 is built in behind the window 9. Other constructions are the 
same as the portable information device 1 shown in Fig. 2. 

[00048] With this construction, the window 9 of the camera unit 10 can be directed 
toward the display unit 3, and can be disposed in substantially parallel with the display surface 
3a of the display unit 3. Therefore, when the mode is switched to the camera mode in a state in 
which the first housing 2 and the second housing 6 are opened, and the window 9 is directed 
toward an object 51 (toward the user in Fig. 3), the display surface 3a of the display unit 3 can be 
disposed substantially perpendicularly to the line of sight of the user since the window 9 and the 
display surface 3a of the display unit 3 are disposed in substantially parallel with each other. 
Therefore, an image taken from the window 9 into the camera unit 10 and displayed on the 
display unit 3 can be observed easily and the intended object 51 can be taken accurately for 
image capturing. 

[00049] Since the window 9 is formed on the inclined plane 6f formed by cutting the 
corner defined by the front surface 6a of the second housing 6 and the end surface 6e thereof on 
the opposite side from the first housing 2 (opposite side from the hinge unit 5), upsizing of the 
portable information device 1 is prevented. 

[00050] Since the camera 10 is provided on the second housing 6, the large display 
unit 3 can be disposed on the first housing 2. Therefore, visibility can be improved and a large 
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amount of information required in the multimedia age can be taken, and larger images can be 
taken when photographing. 

[00051] In addition, since the portable information devices shown in Fig. 2 and Fig. 3 
include an antenna 12 and the wireless section, respectively, information taken from the camera 
unit 10 can be transferred through the wireless section and the antenna 12 to the third party. 

[00052] The present invention is not limited to the embodiments described above. For 
example, although an example in which the camera unit 10 is disposed immediately behind the 
window 9 is shown in this embodiment, the device may be adapted in such a manner that the 
image taken from the window 9 is reflected from the reflecting surface and guided to the camera 
unit 10. The window 9 for taking the image to the camera unit 10 must simply be disposed in 
substantially parallel with the display surface of the display unit 3 provided on the separate 
housing 2. 

[00053] In addition, although an example of a portable information device 1 in which 
the first housing 2 and the second housing 6 can be opened and closed in such a manner that the 
angle formed between the front surfaces 2a and 6a can be varied via the hinge unit 5 has been 
described in the embodiments, it is also applicable to a portable information device being 
capable of opening and closing- by rotating the first housing substantially horizontally with 

respect to the front surface of the second housing including the control unit. 

i 

[00054] Although a mobile phone set has been described in the embodiments 
described above, it is not limited thereto, and the invention is also applicable to a PDA (Personal 
Digital Assistants) which is becoming popular. The invention can be applied to a portable 
information device including at least a first housing having a display unit and a second housing 
having at least a control unit and a camera unit, wherein the first housing takes a slanted position 
with respect to the second housing when opened. 

Atty. Docket No. 848075.0049 15 Express Mail Label EV325880198US 

9460170.1 



(Second Embodiment) 

[00055] In folding-type mobile phone sets 120, 220 and 222 according to the 
embodiments of the present invention shown in drawings 4 A to 15B, identical components as in 
the folding-type portable information device 202 provided with the image capturing function in 
the related art shown in Fig. 18 will be represented by identical numerals, and the same 
construction as in the portable information device 202 in the related art will not be described here 
again. 

[00056] Figs. 4A to 8B are drawings for explaining a folding-type mobile phone set 
120 according to the embodiments of a folding-type portable information device provided with 
an image capturing function of the invention. 

[00057] Figs. 4A and 4B show the folding-type mobile phone set 120 having an image 
capturing unit 110 (a folding-type portable information device provided with an image capturing 
function) according to the embodiment of the present invention, in which the image capturing 
direction of the image capturing unit 110 matches the direction of a line of sight E of the user, 
which is perpendicular to an image displaying surface 112 (image display unit) according to the 
first to fourth embodiments that will be described later. 

[00058] In Figs. 4A and 4B, when a first housing 104 is opened to the position 
forming a folding angle of about 170° with respect to a second housing 106, that is, to the posture 
taken when the user talks on the phone (a state A shown in the drawing) as shown by a solid line, 
the image capturing direction of the image capturing unit 10 is the direction indicated by an 
arrow a. 

[00059] In contrast, when the first housing 104 is opened to the position shown by a 
chain double-dashed line (a state B in the drawing), that is, to a folding angle of about 90°, the 
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image capturing direction of the image capturing unit 110 is the direction indicated by an arrow 
b. 

[00060] Even when the posture of the first housing 104 is changed from the state A to 
the state B in the drawing, the image capturing direction of the image capturing unit 1 10 follows 
the change in the folding angle of the first housing 104, and hence matches the direction of the 
line of sight E of the user directing perpendicularly to the image display surface 1 12. 

[00061] The folding-type mobile phone set 120 of this type is realized according to the 
first to fourth embodiments of the invention shown in Figs. 5 A to Fig. 8B. These embodiments 
will be described below. 

[00062] The folding-type mobile phone set 120 shown in Figs. 5 A and 5B is the 
second embodiment of the present invention. In this embodiment, the image capturing unit 110 
is rotated by a flat pulley and a flat belt. 

[00063] In the same drawing, the mechanism for rotating the image capturing unit 1 10 
is represented by a solid line, and the contours of the first housing 104 and the second housing 
106 are represented by chain double-dashed lines. Detailed construction and other components 
are not shown in the drawings. 

[00064] The axis of rotation of a shaft 130 is coaxial with the axis of rotation of a 
hinge unit 108 (connecting unit), and is secured to the first housing 104 at one end 130a and 
supported by a bearing (not shown) provided in the second housing 106 at the other end 130b, so 
as to be capable of rotating freely with respect to the second housing 106. A flat pulley 132 is 
secured to the other end 130b of the shaft 130. 

[00065] Shafts 134 and 136 are projectingly fixed to both ends of the image capturing 
unit 110 provided in the second housing 106 so as to extend in parallel with the axis of rotation 
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of the hinge unit 108, and the shafts 134 and 136 are supported in the second housing 106 so that 
the image capturing unit 1 10 is capable of rotating freely about the axes thereof. 

[00066] A flat pulley 138, which is the same as the flat pulley 132 in outer diameter is 
fixed to the shaft 134 and a flat belt 140 is wound around the flat pulley 138 and the flat pulley 
132. 

[00067] With such a mechanism, when the folding angle between the first housing 104 
and the second housing 106 varies, the pulley 132 rotates by the same angle accordingly via the 
shaft 130 of the hinge unit 108 fixed on the side of the first housing 104. 

[00068] This rotary movement is transmitted by the flat belt 140 and rotates the pulley 
138 on the side of the image capturing unit 1 10, so that the angle of the image capturing unit 1 10 
varies in conjunction with variation in the folding angle of the first housing 104. 

[00069] Therefore, irrespective of the folding angle between the first housing 104 and 
the second housing 106, the image capturing direction of the image capturing unit 110 can 
always be directed in the same direction as the line of sight E of the user directing 
perpendicularly to the image display surface 112. 

[00070] The pulley and the belt described above are not limited to the flat pulley and 
the flat belt, and other types of pulleys and belts, such as a V-pulley and a V-belt, may also be 
employed. It is also possible to employ a synchronous pulley and a synchronous belt for 
preventing phase shift. 
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(Third Embodiment) 

[00071] The folding-type mobile phone set 120 shown in Figs. 6A and 6B is the third 
embodiment of the present invention, in which a mechanism for rotating the image capturing unit 
1 1 0 by a crank mechanism is employed. 

[00072] In Figs. 6A and 6B, a shaft 142 is disposed coaxially with the axis of rotation 
of the hinge unit 108, and is fixed to the first housing 104. A disc 144 is secured to one end 142a 
of the shaft 142 on the side of the image capturing unit 1 10. 

[00073] Shafts 146 and 148 are projectingly fixed to both ends of the image capturing 
unit 110 provided in the second housing 106 so as to extend in parallel with the axis of rotation 
of the hinge unit 108, so that the image capturing unit 110 is capable of rotating freely about the 
axes thereof. 

[00074] A disc 150 is secured to the shaft 146, and the disc 144 and the disc 150 are 
connected via a connecting rod 152. Connections of ends 152a and 152b of the connecting rod 
152 with respect to the disc 144 and the disc 145, respectively, are achieved by pin-connection. 

[00075] With such a crank mechanism, when the folding angle between the first 
housing 104 and the second housing 106 varies, the disk 144 rotates correspondingly by the same 
angle via the shaft 142 fixed to the hinge unit 108 on the side of the first housing 104. 

[00076] This rotary movement is transmitted by the connecting rod 152 and rotates the 
disc 150 on the side of the image capturing unit 110, so that the angle of image capturing unit 
1 10 varies in conjunction with variation in the folding angle of the first housing 104. 

[00077] Therefore, as in the first embodiment, irrespective of the folding angle 
between the first housing 104 and the second housing 106, the image capturing direction of the 



Atty. Docket No. 848075.0049 19 Express Mail Label EV325880198US 

9460170.1 



image capturing unit 110 can always be directed in the same direction as the line of sight E of the 
user directing perpendicularly to the image display surface 112. 

(Fourth Embodiment) 

[00078] The folding-type mobile phone set 120 shown in Figs. 7 A and 7B is the fourth 
embodiment of the present invention, in which a mechanism for rotating the image capturing unit 
1 10 by a gear mechanism is employed. 

[00079] In Figs. 7A and 7B, a shaft 154 is disposed coaxially with the axis of rotation 
of the hinge unit 108. One end 154a of the shaft 154 is fixed to the first housing 104, and the 
other end 154b is supported by a bearing (not shown) in the second housing 106 so as to be 
capable of rotating freely. A gear 156 is secured to the other end 154b of the shaft 154. 

[00080] Shafts 158 and 160 are projectingly fixed to both ends of the image capturing 
unit 110 provided in the second housing 106 so as to extend in parallel with the axis of rotation 
of the hinge unit 108. Since the shafts 158 and 160 are supported by bearings (not shown) 
provided in the second housing 106, the image capturing unit 110 is capable of rotating freely 
about the axes thereof. 

[00081] A gear 162 having the same number of teeth as the gear 156 is fixed to the 
shaft 158. An intermediate gear 164, being supported by a shaft 166 fixed to the second housing 
106, is provided between the gear 156 and the gear 162, and these three gears 156, 162, and 164 
constitute a gear train. 

[00082] With such a gear mechanism, when the folding angle between the first 
housing 104 and the second housing 106 varies, the gear 156 rotates correspondingly by the 
same angle via the shaft 154 fixed to the hinge 108 on the side of the first housing 104. 
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[00083] This rotary movement may be varied so that the angle of the image capturing 
unit 110 follows variation in the folding angle of the first housing 104 by rotating the gear 162 
on the side of the image capturing unit 1 10 via the intermediate gear 164. 

[00084] Therefore, according to this embodiment, as in the case of the second and the 
third embodiments, the image capturing direction of the image capturing unit 110 and the 
direction of the line of sight E of the user directing perpendicularly to the image display surface 
112 always matches irrespective of the magnitude of the folding angle between the first 
housingl04 and the second housing 106. 

[00085] Although the number of gears in thegear train is three in this embodiment, the 
number of gears is not limited to three, and it may be any odd number for allowing the angle of 
the image capturing unit 1 10 to follow variation in the folding angle of the first housing 104. 

[00086] In order to make the varying angle of the image capturing unit 110 follow 
variation in the folding angle between the first housing 104 and the second housing 106, it must 
simply be such that the number of teeth of the gear 156 which rotates via the shaft 154 fixed to 
the hinge unit 108 on the side of the first housing 104 and the number of teeth of the gear 162 for 
rotating the image capturing unit 110 are the same, and the numbers of teeth of other gears are 
noHimited. - — 

(Fifth Embodiment) 

[00087] The folding-type mobile phone set 120 shown in Figs. 8A and 8B is the fifth 
embodiment of the invention, in which the image capturing unit 110 is rotated by a gear 
mechanism employing a face gear. With such a construction, the gear mechanism can be 
employed without being limited by the distance between the axis of rotation of the hinge unit 108 
and the axis of rotation of the image capturing unit 1 10. 
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[00088] In Figs. 8A and 8B, a shaft 168 is coaxial with the axis of rotation of the hinge 
unit 108, and one end 168a thereof is secured to the first housing 104, and the other end 168B 
thereof is supported by the bearing (not shown) provided in the second housing 106, so as to be 
capable of rotating freely. A face gear 170 is secured to the other end 168b of the shaft 168. 

[00089] Shafts 172 and 174 are projectingly fixed to both ends of the image capturing 
unit 1 10 provided in the second housing 106 so as to extend in parallel with the axis of rotation 
of the hinge unit 108, so that the image capturing unit 110 is capable of rotating about the axes 
thereof. 

[00090] A face gear 176 having the same number of teeth as the face gear 170 is fixed 
to an end 172a of the shaft 172, and flat gears 178 and 180 of the same shape engage the face 
gear 170 and the face gear 176, respectively, and the flat gear 178 and the flat gear 180 are 
connected via a shaft 182. 

[00091] With such a gear mechanism, when the folding angle of the first housing 104 
with respect to the second housing 106 varies, the face gear 170 rotates correspondingly by the 
same angle via the shaft 168 fixed to the hinge unit 108 on the side of the first housing 104. 

[00092] This rotary movement is transmitted via the flat gear 178, the shaft 182, and 
the flat gear 180, so that the angle of the image capturing unit 110 follows variation in the 
folding angle of the first housing 104 by rotating the face gear 176 on the side of the image 
capturing unit 110. 

[00093] Therefore, according to this embodiment as well, as in the embodiments 
described above, the image capturing direction of the image capturing unit 110 and the direction 
of the line of sight E of the user directing perpendicularly to the image display surface 112 
always matches irrespective of the magnitude of the folding angle between the first housing 104 
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and the second housing 106. 

[00094] Although variations in the image capturing direction of the image capturing 
unit 110 follow variations in the folding angle of the first housing 104 in the first to fourth 
embodiments, it is also possible to make the image capturing direction of the image capturing 
unit 1 10 with respect to variation in the folding angle of the first housing 104 with respect to the 
second housing 106 vary in a different manner by varying the outer diameter of the pulley or the 
ratio of the numbers of teeth of the gears in the respective embodiments. 

[00095] Therefore, for example, when the first housing 104 is folded toward the 
second housing 106, or when the folding angle is within a predetermined range (for example in 
-the- range from at least about 0° to about 30°), the image capturing direction may be directed 
toward the inside of the folded first and second housings 104 and 106 in order to protect the lens 
of the image capturing unit 110. With such a construction, the lens can be protected by being 
directed toward inside of the folded first and second housings immediately before folding. 

[00096] The predetermined range described above may be from about 0° to about 90°. 
In addition, it is also possible to make the image capturing direction of the image capturing unit 
110 follow variation in the folding angle only if the folding angle is within a predetermined 
range (for example, within the range at least from about 100° to about 150°). The predetermined 
range of angle may be extended if necessary. 

[00097] Although the image capturing unit 1 10 is provided in the second housing 106 
in the first to fourth embodiments, it is needless to say that the image capturing direction of the 
image capturing unit 110 can be varied in accordance with the folding angle between the first 
housing 104 and the second housing 106 based on the same technical consideration even when 
the image capturing unit 1 10 is provided in the first housing 104 or in the hinge unit 108. 
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[00098] Although the folding-type mobile phone set 120 according to the present 
invention is constructed in such a manner that the first housing 104 and the second housing 106 
are folded in the vertical direction, it is not limited thereto, and may be applied to those 
constructed to fold these housings in the lateral direction. 

[00099] Although the case where a mechanism including a pulley and belt or a gear is 
employed has been described in the first to fourth embodiments, a combination of these 
mechanisms may be employed as well; 

(Sixth Embodiment) 

[000100] Fig. 9 A to Fig. 15B are drawings for describing the embodiments of the 
folding-type portable information device provided with the image capturing function according 
to the present invention. 

[000101] In folding-type mobile phone sets 220 and 222 according to the embodiments 
of the present invention shown in these drawings, the same parts as the folding-type portable 
information device 202 provided with the image capturing function in the related art shown in 
Fig. 18 are represented by the same reference numerals, and description about the construction 
which is the same as the portable information device 202 in the related art will not be described 
here again. 

[000102] Figs. 9A and 9B and Figs. 10A and 10B show the folding-type mobile phone 
sets 220 and 222 provided with an image capturing unit 210 (folding-type portable information 
device provided with the image capturing function) according to the embodiments of the present 
invention, in which the image capturing direction can be directed in the optimal direction 
depending on the mode of usage of the image capturing unit 210 according to sixth to tenth 
embodiments, which will be described later. 
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[000103] The folding-type mobile phone set 220 shown in Fig. 9A and 9B includes the 
image capturing unit 210 in a first housing 204, and the folding-type mobile phone set 222 
shown in Figs. 10A and 10B includes the image capturing unit 210 in a hinge unit 208 
(connecting unit). 

[000104] In Figs. 9A and 9B and Figs. 10A and 10B, when the first housing 204 is at 
the position indicated by a solid line (the state A in the drawing), that is, when the folding angle 
formed between the first housing 204 and a second housing 206 is ranged from about 160° to 
about 180° so as to be suitable for capturing the image of things other then the user 
himself/herself, the image capturing direction of the image capturing unit 210 corresponds to a 
direction a. 

[000105] The angle between about 160° and 180° described above is the angle to be 
locked by a locking mechanism in the hinge unit 208 (not shown) as an angle suitable for talking 
on the folding-type mobile phone sets 220 and 222. 

[000106] When the first housing 204 is positioned as indicated by a chain double- 
dashed line (the state B in the drawing), that is, when the folding angle between the first housing 
204 and the second housing 206 is in the range from about 90° to about 120° so as to be suitable 
for data transmission, Web browsing, e-mailing- or capturing image of the user himself/herself, 
the image capturing direction of the image capturing unit 210 corresponds to a direction b. 

[000107] The angle from about 90° to about 120° is an angle to be locked by the 
locking mechanism of the hinge unit 208 (not shown) as an angle suitable for operations without 
talking on the phone, such as Web browsing, data communication, or e-mailing, with the folding- 
type mobile phone sets 220 and 222. 



Atty. Docket No. 848075.0049 

9460170.1 



25 



Express Mail Label EV325880198US 



[000108] The folding-type mobile phone sets 220 and 222 may be realized by the first 
to seventh embodiments shown in Fig. 1 1A to Fig. 15B. 

[000109] The folding-type mobile phone set 220 shown in Figs. 11A and 11B is the 
sixth embodiment of the present invention, in which a mechanism for rotating the image 
capturing unit 210 is provided in the first housing 204 by a flat pulley and a flat belt. 

[000110] In the same drawing, the mechanism for rotating the image capturing unit 210 
is represented by a solid line, and the contours of the first housing 204 and the second housing 
206 are represented by chain double-dashed lines. Detailed construction and other components 
are not shown in the drawings. 

[000111] In Figs. 11A and 11B, the axis of rotation of a shaft 230 is coaxial with the 
axis of rotation of the hinge unit 208, and is secured to the second housing 206 at qne end 230a 
and supported by a bearing (not shown) provided in the second housing 206 at the other end 
230b, so as to be capable of rotating freely. A flat pulley 232 is secured to the other end 230b of 
the shaft 230. 

[000112] Shafts 234 and 236 are projectingly fixed to both ends of the image capturing 
unit 210 provided in the first housing 204 so as to extend in parallel with the shaft 230, and the 
image capturing unit 210 is rotatable freely about the axes thereof 234, 236 supported by 
bearings (not shown) in the first housing 204. 

[000113] A flat pulley 238, which is about half the flat pulley 232 in outer diameter, is 
fixed to the shaft 234 and a flat belt 240 is wound around the flat pulley 238 and the flat pulley 
232. 

[000114] With such a mechanism, when the folding angle between the first housing 204 
and the second housing 206 varies, the pulley 232 relatively rotates in the opposite direction by 

Atty. Docket No. 848075.0049 26 Express Mail Label EV325880198US 

9460170.1 



the same angle accordingly via the shaft 230 of the hinge unit 208 fixed on the side of the second 
housing 206. 

[000115] This rotary movement is transmitted by the flat belt 240 and rotates the pulley 
238 on the side of the image capturing unit 210, so that the angle of the image capturing unit 210 
varies at twice the rate of the variation in the folding angle described above. 

[000116] Therefore, as shown in Fig. 9 by a solid line, when the folding angle of the 
first housing 204 is, for example, about 180°, the image capturing direction of the image 
capturing unit 210 is set to the same direction as a line of sight E of the user so as to be suitable 
for capturing images of things other than the user, and, as shown in a chain double-dashed line, 
when the folding angle of the first housing 204 is moved to about 90°, the image capturing 
direction of the image capturing unit 210 rotates by about 180° toward the user, so that the 
folding-type mobile phone set 220 suitable for data communication or for capturing the image of 
user himself/herself is achieved. 

[000117] When the folding angle in the state shown by the solid line in Fig. 9 is, for 
example, 170°, and the folding angle shown by a chain double-dashed line is 100°, the same 
rotation as described above in conjunction with the image capturing direction of the image 
capturing unit 210 is achieved by setting the outer diameter of the flat pulley 232 and the flat 
pulley 238 as needed. 

[000118] On at least one of the front surface and the back surface of the first housing 
204, the image capturing unit 210 may be prevented from being directly exposed by forming the 
portion in the vicinity of the image capturing unit 210 of a substantially transparent member and 
covering the image capturing unit 210, or by opening the portion in the vicinity of the image 
capturing unit 210 and covering the opening by a substantially transparent member. 
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Accordingly, the image capturing unit 210 is protected and the lens or the like of the image 
capturing unit 210 may be protected from scratching. 

(Seventh Embodiment) 

[000119] Figs. 12A and 12B show the folding-type mobile phone set 222 according to 
the seventh embodiment of the present invention, in which a mechanism for rotating the image 
capturing unit 210 by the flat pulley and the flat belt when it is provided on the hinge unit 208. 

[000120] In Figs. 12A and 12B, the axis of rotation of a shaft 242 is coaxial with the 
axis of rotation of the hinge unit 208, and one end 242a thereof is fixed to the second housing 
206, and the other end 242b is supported by the bearing (not shown) in the first housing 204, so 
as to be capable of rotating freely. A flat pulley 244 is fixed to the other end 242b of the shaft 
242. 

[000121] Shafts 246 and 248 are projectingly fixed to both ends of the image capturing 
unit 210 provided in the hinge unit 208 so as to extend coaxially with the axis of rotation of the 
hinge unit 208. The shaft 246 is supported by a bearing (not shown) in the first housing 204, and 
the shaft 248 is supported by a bearing (not shown) in the second housing 206. In other words, 
since the shafts 246 and 248 are rotatably supported by the bearings respectively, the image 
capturing unit 210 can be rotated freely about the axis. 

[000122] A pulley 250 is fixed to the shaft 246. A shaft 252 is disposed in the first 
housing 204 so as to extend in parallel with the axis of rotation of the hinge unit 208 and 
rotatably supported by a bearing (not shown). 

[000123] A flat pulley 254 having the same outer diameter as the flat pulley 244 is fixed 
to one end 252a of the shaft 252, and a flat belt 256 is wound around the flat pulley 254 and the 



Atty. Docket No. 848075.0049 

9460170.1 



28 



Express Mail Label EV325880198US 



flat pulley 244 so that the rotary movement of the flat pulley 254 is transmitted to the flat pulley 
244. 

[000124] A flat pulley 258 having the outer diameter twice the flat pulley 250 is fixed 
to the other end 252b of the shaft 252, and a flat belt 260 is wound around the flat pulley 258 and 
the flat pulley 250 so that the rotary movement of the flat pulley 258 is transmitted to the flat 
pulley 250. 

[000125] With such a mechanism, when the folding angle of the first housing 204 with 
respect to the second housing 206 varies, the pulley 244 rotates relatively in the opposite 
direction by the same angle correspondingly via the shaft 242 fixed to the hinge unit 208 on the 
side of the second housing 206. 

[000126] This rotary movement is transmitted via the flat belt 256, the pulley 254, the 
shaft 252, the flat pulley 258, and the flat belt 260, and rotates the pulley 250 on the side of the 
image capturing unit 210, so that the angle of the image capturing unit 210 can be varied at twice 
the rate of the variation in the folding angle described above. 

[000127] Therefore, according to this embodiment as well, as in the case of the sixth 
embodiment, the folding-type mobile phone set 222 as shown in Figs. 10A and 10B is achieved. 

[000128] In addition, in the hinge unit 208, the image capturing unit 210 may be 
prevented from being directly exposed by forming the portion in the vicinity of the image 
capturing unit 210 of a substantially transparent member and covering the image capturing unit 
210, or by opening the portion in the vicinity of the image capturing unit 210 and covering the 
opening by a substantially transparent member. Accordingly, the image capturing unit 210 is 
protected and the lens or the like of the image capturing unit 210 may be protected from 
scratching. 



Atty. Docket No. 848075.0049 

9460170.1 



29 



Express Mail Label EV325880198US 



[000129] In the sixth and seventh embodiments described above, the pulley and the belt 
are not limited to the flat pulley and the flat belt, and other types of pulleys and belts, such as a 
V-pulley and a V-belt, may also be employed. It is also possible to employ a synchronous pulley 
and a synchronous belt for preventing phase shift. 

(Eighth Embodiment) 

[000130] Figs. 13A and 13B show the folding-type mobile phone set 220 according to 
the eighth embodiment of the invention, in which the image capturing unit 210 is rotated by a 
combination of a crank mechanism and a gear mechanism, when the image capturing unit 210 is 
provided on the first housing 204. 

[000131] In Figs. 13A and 13B, the axis of rotation of a shaft 262 is coaxial with the 
axis of rotation of the hinge unit 208, and one end 262a thereof is fixed to the second housing 
206, and the other end 262b thereof is supported by a bearing (not shown) in the first housing 
204. A disc 264 is fixed to the other end 262b of the shaft 262. 

[000132] A shaft 266 is disposed so as to extend in parallel with the axis of rotation of 
the hinge unit 208 intermediary between the image capturing unit 210 provided in the first 
housing 204 and the hinge unit 208, and is rotatably supported by a bearing (not shown). 

[000133] A disc 268 is fixed to one end 266a of the shaft 266, and the disc 268 and the 
disc 264 are connected by a connecting rod 270. Connections of the ends 270a and 270b of the 
connecting rod 270 with respect to the disc 264 and the disc 268, respectively, are achieved by 
pin-connection. A gear 272 is fixed to the other end 266B of the shaft 266. 

[000134] Shafts 274 and 276 are projectingly fixed to both ends of the image capturing 
unit 210 so as to extend in parallel with the axis of rotation of the hinge unit 208, and are 
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rotatably supported by bearings (not shown) in the first housing 204, so that the image capturing 
unit 210 is capable of rotating freely about the axes thereof. 

[000135] A gear 278 having half the number of teeth of the gear 272 is fixed to the end 
274a of the shaft 274, so that the rotary movement is transmitted between the gear 278 and the 
gear 272 when engaging. 

[000136] In such a mechanism, when the folding angle of the first housing 204 with 
respect to the second housing 206 varies, the disc 264 rotates relatively in the opposite direction 
by the same angle accordingly via the shaft 262 fixed to the hinge unit 208 on the side of the 
second housing 206. 

[000137] The rotary movement is transmitted to the shaft 266 via the connecting rod 
270 and the disc 268, and is in turn transmitted to the shaft 274 via the rotary gear 272 and the 
gear 278, so that the angle of the image capturing unit 210 varies at twice the rate of the variation 
in the folding angle described above. 

[000138] Therefore, according to this embodiment, as in the sixth embodiment, the 
folding-type mobile phone set 220 as shown in Fig. 9A and 9B is achieved. 

[000139] With such a mechanism, the image capturing unit 210 can be provided at the 
position remote from the hinge unit 208, such as above an image display surface 212 (image 
display unit) by changing the length of the connecting rod 270 of a crank mechanism. 

(Ninth Embodiment) 

[000140] Figs. 14A and 14B show the folding-type mobile phone set 220 according to 
the ninth embodiment of the present invention, in which the image capturing unit is rotated by a 
gear mechanism when it is provided on the first housing 204. 
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[000141] In Figs. 14A and 14B, the axis of rotation of a shaft 280 is coaxial with the 
axis of rotation of the hinge unit 208, and one end 280a is secured to the second housing 206, 
and the other end 280b is supported by a bearing (not shown) in the first housing 204, so as to be 
capable of rotating freely with respect to the first housing 204. A gear 282 is secured to the shaft 
280 on the other end 280b. 

[000142] Shafts 284 and 285 are projectingly fixed to both ends of the image capturing 
unit 210 provided in the first housing 204 so as to extend in parallel with the axis of rotation of 
the hinge unit 208. Since the shafts 284 and 285 are rotatably supported by bearings (not 
shown), the-image capturing unit 210 is capable of rotating freely about the axes thereof. 

[000143] A gear 286 having half the number of teeth of the gear 282 is fixed to an end 
284a of the shaft 284. An intermediate gear 288 is rotatably supported by a shaft 290 provided 
in the first housing 204 between the gear 286 and the gear 282. These three gears 282, 286 and 
288 constitute a gear train. 

[000144] With such a mechanism, when the folding angle of the first housing 204 with 
respect to the second housing 206 varies, the gear 282 rotates relatively in the opposite direction 
by the same angle correspondingly via the shaft 280 fixed to the hinge 208 on the side of the 
second housing 206. 

[000145] The rotary movement may vary the angle of the image capturing unit 210 at 
twice the rate of the variation in the folding angle described above by rotating the gear 286 on 
the side of the image capturing unit 210 via the gear 288. 

[000146] Therefore, according to this embodiment as well, as in the case of the sixth 
embodiment, the folding-type mobile phone set 220 as shown in Fig. 9A and 9B is achieved. 
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[000147] In order to make the variation in the angle of the image capturing device 210 
twice the variation of the folding angle described above, the number of teeth of the gear 286 for 
rotating the image capturing unit 210 must simply be half the number of teeth of the gear 282 
which rotates via the shaft 280 fixed to the hinge unit 208 on the side of the second housing 206, 
and thus, the numbers of teeth of other gears are not limited. 

(Tenth Embodiment) 

[000148] Figs. 15A and 15B show the folding-type mobile phone set 220 according to 
the tenth embodiment of the present invention, in which a mechanism for rotating the image 
capturing unit 210 by the gear mechanism when the image capturing unit 210 is provided on the 
hinge unit 208 is employed. / 

[000149] The axis of rotation of a shaft 292 in Figs. 15A and 15B is coaxial with the 
axis of rotation of the hinge unit 208, and one end 292a thereof is fixed to the first housing 204, 
and the other end 292b thereof is supported by a bearing (not shown) in the first housing 204. In 
addition a gear 294 is fixed to the other end 292b of the shaft 292. 

[000150] Shafts 296 and 298 are also projectingly fixed to both ends of the image 
capturing unit 210 provided in the hinge unit 208 so as to be coaxial with the axis of rotation of 
the hinge unit 208. The shaft 296 is supported by a bearing (not shown) in the second housing 
206 and the shaft 298 is also supported by a bearing (not shown) in the first housing 204. Since 
the shafts 296 and 298 each are not fixed, the image capturing unit 210 can rotate freely about 
the axes thereof. A gear 300 is fixed to an end 296a of the shaft 296. 

[000151] A shaft 302 is rotatably supported by a bearing (not shown) in the second 
housing 206 so as to extend in parallel with the axis of rotation of the hinge unit 208. A gear 304 
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is fixed to one end 302a of the shaft 302, and the gear 304 engages the gear 294 so as to be 
capable of transmitting the rotary movement. 

[000152] A gear 306 is fixed to the other end 302b of the shaft 302, and the gear 306 
engages the gear 300 so as to be capable of transmitting the rotary movement. The numbers of 
teeth of the gear 306 and the gear 300 are determined so that the ratio thereof becomes 1:2. 

[000153] With such a mechanism, when the folding angle of the first housing 204 with 
respect to the second housing 206 varies, the gear 294 rotates correspondingly by the same angle 
via the shaft 292 fixed to the hinge unit 208 on the side of the first housing 204. 

[000154] The rotational motion is transmitted via the gears 302 and 306, and rotates the 
gear 300 on the side of the image capturing unit 210. Accordingly, the angle of the image 
capturing unit 210 can be varied at twice the rate of the variation in the folding angle described 
above. 

[000155] Therefore, according to this embodiment as well, as in the case of the seventh 
embodiment, the folding-type mobile phone set 222 as shown in Figs. 10A and 10B is achieved. 

(Eleventh Embodiment) 

[000156] Subsequently, a folding-type mobile phone set according to the eleventh 
embodiment will be described. In this embodiment, as shown in Figs. 9A and 9B, the image 
capturing direction of the image capturing unit 210 always directs the user and the angle thereof 
with respect to the first housing 204 is maintained at a certain identical angle as long as the first 
housing 204 and the second housing 206 form a predetermined range of angle between the 
closed state to the position at which the first housing 204 is opened to the position shown by a 
chain double-dashed line (state B in the drawing), that is, from the angle of about 90°, which is 
suitable for data communication, Web browsing, e-mailing, or image capturing of the user 
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himself/herself to about 120°. On the other hand, when the first housing 204 opened to an angle 
greater than the predetermined angle, that is, about 120° (including the state A in which the first 
housing 204 is at the position shown by the solid line), the image capturing direction of the 
image capturing unit 210 is always directed to the direction opposite to the user, and the angle of 
the image capturing unit 210 with respect to the first housing 204 is maintained at another 
identical angle. 

[000157] In other words, this embodiment is characterized in that the image capturing 
direction of the image capturing unit 210 is inverted about 180° on reaching the above-described 
predetermined angle, and specifically in that the inverted motion is made by an inverting 
mechanism provided in the hinge unit 208 (not shown.) 

(Twelfth Embodiment) 

[000158] A folding-type mobile phone set according to the twelfth embodiment of the 
present invention will be described. This embodiment is characterized in that the image 
capturing unit 210 is provided in the hinge unit 208, which differs from the sixth embodiment, in 
which the image capturing unit 210 described above is provided in the first housing 204. As 
shown in Figs. 10A and 10B, the image capturing direction of the image capturing unit 210 
always directs the user and the angle thereof with respect to the first housing 204 is maintained at 
a certain identical angle as long as the first housing 204 and the second housing 206 form a 
predetermined range of angle between the closed state to the position at which the first housing 
204 is opened to the position shown by a chain double-dashed line (state B in the drawing), that 
is, from the angle of about 90°, which is suitable for data communication, Web browsing, e- 
mailing, or image capturing of the user himself/herself to about 120°. On the other hand, when 
the first housing 204 is opened to an angle greater than the predetermined angle, that is, about 
120° (including the state A in which the first housing 204 is at the position shown by the solid 
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line), the image capturing direction of the image capturing unit 210 is always directed to the 
direction opposite to the user, and the angle of the image capturing unit 210 with respect to the 
first housing 204 is maintained at another identical angle. 

[000159] In other words, this embodiment is characterized in that the image capturing 
direction of the image capturing unit 210 is inverted about 180° on reaching the above-described 
predetermined angle, and specifically in that the inverted motion is made by an inverting 
mechanism provided in the hinge unit 208 (not shown). 

[000160] In the sixth to twelfth embodiments described above, the image capturing unit 
210 is provided in the first housing 204 or in the hinge unit 208. However, it is needless to say 
that the invention can be applied thereto based on the same technical considerations even when 
the image capturing unit 210 is provided in the second housing 206. 

[000161] Although the folding-type mobile phone sets 220 and 222 according to the 
present invention is constructed in such a manner that the first housing and the second housing 
are folded in the vertical direction, it is not limited thereto, and may be applied to those 
constructed to fold the first housing and the second housing in the lateral direction. 

[000162] Since the folding angle optimal for data transmission or for talking on the 
phone differs depending on the configuration of the folding-type portable information device 
provided with the image capturing function, the folding angles optimal for data communication 
and for talking on the phone, respectively, are not limited to about 90° or to about 170°. 

[000163] As described above, the present invention provides a portable information 
device including a first housing having at least a display unit, and a second housing having at 
least a control unit and a camera unit connected to the first housing so as to be capable of 
opening and closing, characterized in that the first housing takes a slanted position with respect 
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to the second housing when the first housing and the second housing are opened, and a plane 
which is substantially parallel with a display surface of the display unit, is provided on the 
second housing, and a window of the camera unit is disposed on the plane which is substantially 
parallel with the display surface of the display unit. Therefore, when in the camera mode, the 
object taken from the window of the camera unit can easily be observed on the display unit, so 
that the object can be caught accurately for photographing. 

[000164] Since a large display unit can be provided without increasing the size of the 
portable information device, visibility can be improved, and a large quantity of information can 
be displayed on the display unit without impairing portability. In addition, when in the camera 
mode, larger images can be photographed. 

[000165] In particular, the display unit is constructed in such a manner that the display 
unit is disposed on the surface of the first housing on the same side as the control unit when the 
first housing and the second housing are opened, and a surface which is substantially parallel 
with the display surface of the display unit is an inclined plane formed by cutting the comer 
defined by the surface of the second housing opposite from the control unit and the end surface 
thereof in the vicinity of the first housing, or an inclined plane formed by cutting the comer 
defined by the surface of the second housing having the control unit and the end surface thereof 
opposite from the first housing. Therefore, since a camera unit, which is a large component, can 
be disposed at the end portion in the second housing, flexibility of layout of other components is 
preferably improved. 

[000166] As described thus far, with the folding-type portable information device 
provided with the image capturing function according to the present invention, since the image 
capturing direction of the image capturing unit varies in accordance with the folding angle 
between the first housing and the second housing, the image capturing direction of the image 
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capturing unit and the direction of the line of sight of the user directing perpendicularly to the 
image display surface always matches irrespective of the magnitude of the folding angle. 
Therefore, the user can align the image capturing direction of the image capturing unit with the 
sense of direction of the user, whereby a device which is easy to use for the user is provided. 

[000167] When the folding-type portable information device provided with the image 
capturing function is stored without use, the lens of the image capturing unit can be protected by 
making the image capturing direction of the image capturing unit direct toward inside when the 
first and second housings are folded. 

[000168] As described above, according to the folding-type portable information device 
provided with the image capturing function of the present invention, since the image capturing 
direction of the image capturing unit can be directed to the optimal direction depending on which 
direction the user wants to direct the image capturing units for use, that is, depending on whether 
the user wants to perform data communication or image capturing of himself/herself, or the user 
wants to capture images of things other than the user. Therefore, it is not necessary for users to 
adjust the image capturing direction, which is a troublesome operation. 

[000169] Even when the image capturing unit is provided in the first housing or in the 
connecting unit, the image capturing direction can be directed to the optimal direction. 
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